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Processor counts
growing rapidly "

Systems in Top 500

GPUs entering HPC 0
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Large hybrid systems 0
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I 8k - 32k cores
M 32k+ cores

But what happens when A e
software doesn't work? o e N N
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a“inea Allinea Software

e HPC tools company since 2001
- DDT - Debugger for MPI, threaded/OpenMP and scalar
- OPT - Optimizing and profiling tool for MPlI and non-MPI

- DDTLite - Parallel Debugging Plugin for Microsoft Visual
Studio 2008 SP1 and above

 Large European and US customer base

- Ease of use - means tools get used

- Users debugging reqgularly at all scales

- Scalable interface - easy to use at 1 or 100,000s of cores
e Looking to the future

- In use at Petascale

- GPU product in Beta
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a“inea Some Clients and Partners

cRAY e Academic
- Over 200 universities

AMDZ1

N e Major research centres

@dun | -~ ANL, EPCC, IDRIS, Juelich, NERSC, ORNL,
- Aviation and Defense

NEC (@3

fomcepenct - Airbus, AWE, Dassault, DLR, EADS, ...

B Sgi’: * Energy |
- CEA, CGG Veritas, IFP, Total, ..

< .
DV%A., EDA
Microsoft: - Cadence, Intel, Synopsys, ...

Climate and Weather
- UK Met Office, Meteo France, ...
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a“inea

A powerful and highly intuitive tool
- Traditional focus has been HPC

e Cross-platform support
- Linux, Solaris, AlX, Super UX, Blue Gene O/S
- Blue Gene, Cell, x86-64, ia64, PowerPC, Sparc, NEC, NVIDIA
- GNU, Absoft, IBM, Intel, PGI, Pathscale, Sun compilers

e Across all MPl and OpenMP implementations
- From low end to high end

e Support for all scheduling systems
- SGE, PBS, LSF, MOAB, ...
- Flexible, powerful, easy to use queue submission
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allinea For every model

e Scalar features
o E 3 % P B ELE E] B D faren

N i R - Advanced C++ and STL
seveineds 0] (1] 2] B EEIEIEIEIE]

e — - Fortran 90, 95 and 2003: modules,

.o X
— e allocatable data, pointers, derived types
FProject Files 5

+ S Source Tree 76 t2 = mallocsizeoftypeThree)); d b .
[Seene L mopagpen - Memory debugging

79 bigArray[pl=20000+p;

§ =ruuava - -
120 for (1 =0; 1 <LO
i = EddtHEAD-Fedora-5-686 121 pthread_mu . u
baimp 185 wile (1 u I I ea I I I el l ea u I eS
+ Sitmp 123 pr
+ S Header Files - 124 pt

- Step, breakpoint etc. one or all threads
-~ = .. * MPIfeatures

" - Easy to manage groups

- Control processes by groups

- Compare data

- Visualize message queues

|
= Show qusues n abls
L J
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allines Memory Debuggin

Session Control Search View Help

Bl °D i = BQ ﬂ ﬁ J] 8 ﬂ @ CurrentGmup:Focusoncurrem:: @ Group Process Thread Step Threads Together
EEE = [2=][27]

Create Group

Project Files B [& helloc 3 Gimp hical View Istle\tEw |
73

= A ; 74 MPI_Status status; * Totel Across Processes (in Butes) Current Usage Ackoss Processes (in Bytes)
f@Project Files 75 300,000
+ EYSource Tree 76 12 = malloc!sizeofitypeTl ’ |
+ EyHeader Files 7 T DDT - Pointer Details B B T SETTTRE SPESFE
+ EIs0urce Files IS hbﬁp:():pﬂggzgtml ‘ - -
e P Pointer. 0341215000

21 for(x=0p< 12x+4+)
22 forly=0y=<12y++)
a3 tables[x][y] = [x+1k

Size: 199360 bytes e e

This pointer was albcated at:

04 MPInit{&arge, Sargwl;
05 MPI Comm rank(MPI_CO Simchife e
05 MPI_Comnrn_size(MPI_CO| %0 (D%50906e o o
= #1 Bananray Pm@“est ped in vfprintf from /lib/libc.50.6 with | SIGSEGV.
3 . rogram stopped in vfprintf from /lib/libc.50.6 with signa 4
88 . #2 triso ] 130:40 Reason/Origin: address not mapped to ebject |-
29 dynamicarray = malloc(s] #3 (0xS04d2eq Your program will probably be terminated if you continue.
a0 forx=0m< 1000054+ You can use the stack controls to see what the process was doing at the time.
a1 1 e ¥ Always show this window for signals Leaend
a2 dynamicArray[x] = % Alocation Detaik ) B Largest set(bytes)
9z} ! B Continue | 2nd largest et tbutes)
= B 3rd lorgest seb ibytes)
gg t{ K is %adin" - Ptr 0% 215000, size: B rgest sef bytes)
o printf{"ry rank is %din", Pir 0541246000, size: sth largest st (byes)
@ Pt D4 247000, size: ather dlocations (bytes)
4 im
Input/Output* ] Breakpoints ] Watches Stacks (User 0) Glicking on one of the abowve lines will jump to that kcation in yourcode
Stacks (User Defined 1)
Procs Threads Function
main (hell

Process+  Process6  Process2  Process 3 Process 5 Process 7 Process 1 Process0
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and more

e Cross process/thread comparison

€3 007 Croe Process Companzon view
p— W conpare
T e
= Lt comparsonto [ 3 a1

cangas | st | it |

Comparison of a single value

= ¢ Visualize multidimensional data

§= v W | S//C Distributed Debugging Tool - [fhome/matt/ddt/examples/hello.c] x|
<
L I:: ST I3 i3t iihntnns 'ﬁ — 3 E HC“"E”‘G”JUF' Al hd ”’

: — Fre al

g |—_—
[T Auto-update

[E hello.c

in

n

P R T s G NS BV
n in W

T

Staout | Std

)
Frocess

E o b4
oy [fos ]| Doplr: [fove ]

i e e 505 3

vtz | _gos

Expression "iarray[$il[$j1[Sk1[5]]" evaluated for process 0 at 11:49.
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allinea DDT: Petascale Debugging

 DDT is delivering
petascale debugqging

DDT 3.0 Performance Figures

Jaguar XT5

0.16 today
2::[ - Collaboration with ORNL
£ o1 on Jaguar Cray XT
g oo Al Bremkpoit - Tree architecture -
g logarithmic performance
" oo - Many operations now
0 faster at 220,000 than

0 50,000 100,000 150,000 200,000

previously at 1,000 cores

- ~1/10" of a second to
step and gather all stacks
at 220,000 cores
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a“ir‘\ea Scalable Process Control

b og 1,5 k[l Bl A%« Control Processes by Groups

CurrentGmup:Facusancurrent @ Group ( Process () Thread | | 5 — Set brea prIﬂtS, Step, play, Stop etc.
u 200004 processes (0200003)  Paused: 200004 Running 0 using user-defined groups
Currently selected: \:ﬂﬁ .
Ereale Group — Scalable process groups view
jectFi B |t heloc '
i L [ RETES — Compact representation

« Parallel Stack View
— Finds rogue processes faster
— Identifies classes of process behaviour
— Allows rapid grouping of processes

Stacks (All}

Processes  Function

150120 2_start

150120 2 libc_start_main

150120 2/ main

150120 2 pop (POPf30:81)

150120 Zjinitialize_pop (initial f80:119)

150120 2 init_communicate (communicate f0:87)

15018 ] create _ocn_communicator (communicate.f90:300)

A reate _ocn_communicator (communicate f80:303)
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a“inea

Presenting Data, Usefully

Locals
Current Line(s)

Variable Name
-my_rank

Current Line(s) | Current Stack

&) (]

Value

0
16

|1E-,.flﬁ processes equal

Expression: |my_rank % 3| I

Processes in current group (All, 189120 procs)

|v|

] Align stack frames

(] Limit comparisonto | |2 st
| Fitter. | | |
. _dncel
'|\.Falue |Process(es} | Count (189120 |
|0 0,3.6,9,12,15,18.21,24,.27 30,... ! Filtered: |0
L 1,4,7,10,13,16,19,22,25,28,31,...
Errors: | 0 ]

12 2,5,81,14.17 20,23.26,29.32, ..

Aggregate. |0 |
Numerical |:139120 |
sum: [ 189120 ]

| Minimum: [0 =
Maximum:ﬁ—]

e Gather from every node

Potentially costly - if all
data different

Easy if data mostly same
New ideas

 Aggregated statistics

e Probabilistic algorithms
optimize performance -
even in pathological case

~130ms for 130,000 cores

 Watch this space!

With a fast and scalable
architecture, new things
become possible
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a“lnea Where Next?

 DDT is the first Petascale debugger..

- A debugging tool has finally caught up with the hardware!
« Work is in progress to port every feature for scale
« Memory debugging, data visualization, ....

- How can the infrastructure be built upon?
 Does DDT offer the right framework for collaboration?

 Can we encourage a codebase of user-generated MPI
tools/utilities?

... but large clusters are a fraction of HPC
— Most parallel development starts smaller
— Is now starting even smaller: GPUs
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a“lnea Traditional HPC

 Dominant technology is Linux clusters
— Not fast enough? Add another rack.
— Still not fast enough? Buy a better network.

— Still not fast enough? Wait six months and buy another
system.

— ... and then the electric bill arrives

 Easy to use
— Vast collection of existing codes: compile and go.

* Good ecosystem of development tools
— Compiler support: codes port easily between systems

— Debugging tools and optimization tools - eg. DDT and OPT
« Easy to use and common interface across many system types
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a“inea

e Hybrids are a hot topic
- Technology is moving quickly - compilers, SDKs, hardware
- CUDA currently at the front in tool support

e Many lines of code need rewriting for GPUs
- Memory hierarchy
- Explicit data transfer between host and accelerator

- Unusual execution model -
e Kernels, thread blocks, warps, synchronization points
Do developers really know how their code is executed?

- Massively parallel model
e Single pass in a for-loop is the new granularity
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allinea Debugging Options

« Old world “printf”
— NVIDIA SDK 3.0 allows this (new) - but has limitations

« Fake it - run the kernel on the host x86 64 processor
— Languages often support targeting host CPU instead of GPU
— Different numeric precision - different answer?
— Different scheduling - different answer?
— A reasonable option for some bugs

« Run on the GPU with Allinea DDT

— Very close collaboration with the NVIDIA debugger team
— In use by early access customers - requires NVIDIA SDK 3.0
— Release of public beta - awaiting imminent SDK 3.0 release
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a“lnea CUDA Threads in DDT

° Ru n the COde CUDA Threads Block | o [&][ o [$]Threaa | 15 5[ 15 [3]] o |3 Go Grid size: 32

- Browse source Project iles o8 egecw @ B

EglProject Files 1811, 2, 1}, o
) 19 {0, o, o,

- Set breakpoints j St = 0,55

i £9Source Files 22 . . .
+8 23 f// 2D convolution filter using global memory

— Sto p at a | i n e Of C U DA gg {_global_ void conw2d_global{uchar4* in, uchar4* out, int

L=

=l | Th,

A

code S inty o thresdidny + Olockide.y » EocK StoE,
28 int index = {y * width + xJ;
g; floatd output = make flogt4lo.of,o.0f,0.0f ,inlindex] .w
_ Stop : h
tops once for eac Dl e
scheduled collection of 2 foragne uron

35 for{int cx=-1; cx==1; ++cx)

blocks 7

e Select a CUDA thread | |
Threads Function

- Examine variables and 1L J=main (edge.cu:75)

Shared memory 32 é--cunvzd_glubal (edge.cu:35)
450 8 con 20 global (edge.cu:39)
- Step a warp N

- View all extant threads in
parallel tree view
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allines Debugging Strategies

e Threads

- Scheduled in batches, short lifetime

- ldentified by thread index and block index
- Each part of a warp (32 threads in a warp)
- Local state and shared data

 Loop iteration to thread analogy?
- Don't want to watch detail of every thread

- But do want to pick some to check the logic
e eg. start, end, and interior points
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a“inea Local Information

e Compile your code for debugging:
- Just add “-g” flag during compilation

« DDT is installed on Jaguar, Franklin and Hopper
- module load ddt
- ddt

e That's all - you're debugging!
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